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BATTERY CHARGING METHOD FOR
HYBRID ELECTRIC VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2011-0134913, filed on Dec. 14, 2011 in
the Korean Intellectual Property Office, the entire contents of
which is incorporated herein for all purposes by this refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to a battery charging method
for hybrid electric vehicles capable of supplementing battery
by charging a main motor when the hybrid electric vehicles
stop.

2. Description of Related Art

A hybrid electric vehicle (HEV) is generally configured to
transfer power to wheels through a continuously variable
transmission (CVT) in a form in which an electric throttle
control (ETC) is added to an engine and an electric motor is
directly connected thereto.

The hybrid electric vehicle is controlled to correspond to
traveling conditions so as to make fuel efficiency of the
engine highest. Meanwhile, the hybrid electric vehicle is
transferred with inertial energy of a vehicle through wheels at
the time of braking and deceleration and converts the inertial
energy into electric energy through a motor so as to recharge
a battery, thereby achieving fuel efficiency higher than that of
the existing gasoline engine.

As described above, when charging the battery of the
hybrid electric vehicle, there are no cases in which conditions
of vehicle speed, deceleration demands, and the like, are
instantly same, and as a result, the battery may not be
recharged with constant voltage. Further, even when the
charging state of the battery is low, generation efficiency
needs to be maximized and thus, the charging of the battery
with constant voltage applied only in a special case.

Meanwhile, in the case of the existing parallel type hybrid
electric vehicle, the battery recharged by a main motor only
during the traveling when the remaining capacity of the bat-
tery is insufficient and recharged with a small amount by a
hybrid starter generator (HSG) rather than by the main motor
when the vehicle stops.

That is, as shown in FIG. 1, in the case of the existing
parallel type hybrid vehicle, the engine stops when the vehicle
stops and the vehicle waits in a state in which an engine clutch
is separated. Thereafter, when the vehicle starts again, the
engine is ignited and driven. In this case, the battery is
recharged by the HSG and the driving RPM of the motor
synchronizes with the RPM of the engine and then, the engine
clutch is locked and the motor starts.

However, the driving conditions may be variable and there-
fore, the case in which the remaining capacity of the battery is
insignificant may always occur in the hybrid vehicle. In this
condition, when the vehicle stops at a drive stage (D stage) as
in the past, the charging amount of the battery by the HSG is
limited and thus, the battery cannot be fully recharged. The
phenomenon hinders the sufficient use of the motor at the
time of traveling, which leads to the reduction in the drivabil-
ity of'a vehicle and the fuel efficiency.

The information disclosed in this Background ofthe Inven-
tion section is only for enhancement of understanding of the
general background of the invention and should not be taken
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as an acknowledgement or any form of suggestion that this
information forms the prior art already known to a person
skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing a battery charging method for a hybrid electric
vehicle capable of implementing efficient driving and
improving fuel efficiency by supplementing a battery by
charging a main motor when a hybrid electric vehicle stops.

In an aspect of the present invention, a battery charging
method for a hybrid electric vehicle, may include a step of
receiving a vehicle gradient value through a transmission
control unit (TCU) or an inclination sensor when the vehicle
stops, a step of converting a transmission stage into an a
neutral stage (N stage) and driving an engine to recharge a
battery by a main motor when the received vehicle gradient
value is a preset gradient value or less, and a step of charging
battery by Generating the main motor by engaging an engine
clutch after the engine is driven.

At the step of charging of the main motor by engaging the
engine clutch after the engine is driven, when the brake is
released to restart the vehicle, changing the transmission
stage from the N stage to a D stage by slipping an under drive
(UD) clutch in a transmission such that the vehicle goes
forward.

The preset gradient value is determined within a range of a
gradient value in which energy required when the vehicle
starts is smaller than allowable energy at the time of an UD
clutch slip by comparing energy required when the vehicle
starts at the corresponding gradient value with the allowable
energy at the time of the UD clutch slip.

The steps are progressed when there is a need to improve a
remaining capacity of the battery by confirming whether
there is a need to improve the remaining capacity of the
battery.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a battery charging method of
an HEV using an HSG according to the related art.

FIG. 2 is a flow chart showing a battery charging method
according to an exemplary embodiment of the present inven-
tion.

FIG. 3 is a diagram showing a battery charging method of
an HEV according to the exemplary embodiment of the
present invention.

FIG. 4 is a diagram schematically showing a configuration
of the HEV according to the exemplary embodiment of the
present invention.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various features illustrative of the basic prin-
ciples of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.
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In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the inven-
tion(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

A gradient when a hybrid vehicle stops may be approxi-
mately predicted by a transmission control unit (TCU) (or
inclination sensor). The exemplary embodiment of the
present invention uses the inclination value to recharge a main
motor even when a vehicle stops at a D stage in the case of the
low inclination (for example, 4% or less).

Referring to FIG. 2, in the battery charging method of the
exemplary embodiment of the present invention, a vehicle
inclined angle of the HEV, a remaining capacity ofthe battery,
and a brake state is monitored and the monitored results are
input.

First, when the HEV stops ata D stage during the traveling,
it is confirmed from the input value whether there is a need to
improve the remaining capacity of the battery.

As the confirmation result, when the battery is sufficient,
the charging is performed by a vehicle charging method using
the HSG but, as the confirmation result, a vehicle gradient
prediction value is input through the TCU (or inclination
sensor) when there is a need to improve the remaining capac-
ity of the battery due to the insufficiency of the remaining
amount of the battery.

In this case, when the input gradient value is a preset
gradient value (for example, 4% or more), the vehicle is
charged using the HSG as in the related art. On the other hand,
when the input gradient value is a set gradient value or less, a
transmission stage is converted into an N stage and an engine
is driven so as to recharge the battery by the main motor (see
step 1 and step 2 of FIG. 3).

After the engine is driven, the engine clutch is rapidly
locked to recharge the main motor (see step 2 and step 3 of
FIG. 3). The charging is continuously performed during the
stopping of the vehicles by continuously stepping on the
brake.

Thereafter, when the brake is released to restart the vehicle,
the engine clutch is locked and thus, the motor rotates in
advance together with the engine. Therefore, the vehicle goes
forward by slipping an under drive (UD) clutch in the trans-
mission to change a transmission stage from an N stagetoa D
stage (see step 3 and step 4 of FIG. 3).

Here, the preset gradient value is determined by comparing
the energy required when the vehicle starts with allowable
energy at the time of the UD clutch slip.

For example, when the vehicle starts using the UD clutch
slip under a flatland condition having a gradient value of 4%
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or less, necessary energy is a level of 6.2 KJ and the allowable
energy of the UD clutch slip is about 7.5 KI and thus, the slip
start using the UD is enabled.

Therefore, when the gradient value is 4% or less, the
vehicle can start by the UD clutch slip. In this case, the engine
is driven to recharge the main motor.

On the other hand, when the gradient value is 4% or more
and thus, it is difficult to start the vehicle only by the UD
clutch slip, as described above, the engine is operated and
thus, the charging is performed using the HSG like the related
art, rather than using the main motor.

The structure does not need a time for engaging the engine
clutch when the HEV starts to rapidly convert a mode. If
necessary, the HSG can be removed as shown in FIG. 4 and a
heating value of the engine clutch can be lowered.

As set forth above, the exemplary embodiment of the
present invention can recharge the battery by using the main
motor even when the hybrid vehicle stops to implement the
efficiency driving and improve the fuel efficiency, more easily
manage the remaining capacity of the battery for driving the
main motor, and sufficiently use the main motor to improve
the drivability of the hybrid electric vehicle.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
It is intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A battery charging method for a hybrid electric vehicle,
comprising:

a step of receiving a vehicle gradient value through a trans-
mission control unit (TCU) or an inclination sensor
when the vehicle stops;

a step of converting a transmission stage into a neutral stage
(N stage) and driving an engine to recharge a battery by
amain motor when the received vehicle gradient value is
a preset gradient value or less; and

a step of charging the battery by Generating the main motor
by engaging an engine clutch after the engine is driven,

wherein the preset gradient value is determined within a
range of a gradient value in which energy required when
the vehicle starts is smaller than allowable energy at the
time of an underdrive clutch (UD clutch) slip by com-
paring energy required when the vehicle starts at the
corresponding gradient value with the allowable energy
at the time of the UD clutch slip.

2. The method according to claim 1, wherein the preset
gradient value is determined within a range of a gradient value
in which energy required when the vehicle starts is smaller
than allowable energy at the time of the UD clutch slip by
comparing energy required when the vehicle starts at the
corresponding gradient value with the allowable energy at the
time of the UD clutch slip.

3. The method according to claim 1, further comprising: at
the step of charging of the main motor by engaging the engine
clutch after the engine is driven, when the brake is released to
restart the vehicle, changing the transmission stage from the
N stage to a drive stage (D stage) by slipping an under drive
clutch in a transmission such that the vehicle goes forward.



US 9,238,459 B2
5

4. The method according to claim 1, wherein the steps are
progressed when there is a need to improve a remaining
capacity of the battery by confirming whether there is a need
to improve the remaining capacity of the battery.
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